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STUZENT HANDOUT

REPA R CATHR LLAR AL | NJECTI ON PUMPS

LEARN NG ABJECTT \VE

1. Termnal Learning (bjective: Qven a Giterpillar fuel injection punp, the
requi red coomon and special tools, test equipnent, repair parts, shop supplies,
RS 08757A-50, and Gaterpillar service manual s, per infornation contained in the
references, repair the fuel injection punp. (8.2 8)

2. Enabling Learning (pjectives: Gven a Gaterpillar fuel injection punp, the
requi red coomon and special tools, test equipnent, repair parts, shop supplies,
RS 08757A 50, and Gaterpillar service nanual s, per infornation contained in the
r ef er ences:

a disassentl e the fuel injection punp, (8.2 8a)

b. inspect the di sassenbl ed conponents for serviceability, (8.2 8b)
Cc. repair or replace the unserviceabl e conponents, (8.2 8c)

d. assentle the fuel injection punp, and (8.2 8d)

e. caibrate the fuel injection punp. (8. 2 8)

QJILI NE

1. [CES GN GHARACTER ST1CS A\D PR NO ALES G- OFERATI ON OF THE CATHRH LLAR
SCRAL | NJECTI ON PUMP

a Design Gharacteristics

(1) The Gaterpillar Sroll type injection punp is used on various
types of Mirine Qxps engi neer equi pnent, such as bul | dozers, road graders and
cranes. The six, scroll type injection punps in the nai n punp housi ng suppl y
fuel under a high pressure to the six fuel nozzles in the engine. There is one
fuel injection punp for each cylinder in the engine.

(2) The injection punp incorporates a fuel transfer punp | ocated on

the side of the nain punp housing. The transfer punp draws fuel fromthe
vehicle fuel tank and delivers it to the nain punp housi ng.
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(3) The governor housing is |ocated behind the nai n punp housi ng and
houses all of the governor conponents. Drectly behind the governor housing is
the air-fuel ratio control. The air-fuel ratio control linits snoke fromthe
exhaust during accel erati on.

b. Rincipl es of (peration

(1) Inection Runp

(a) Fuel is pulled fromthe fuel tank through the prinary fuel
filter and check val ves by the transfer punp. Then, fromthe transfer punp the
fuel is pushed through the secondary filter to the fuel nanifold in the
injection punp housing. The punping spring, |ocated in the transfer punp,
keeps the fuel pressure in the systemat 25 to 42 psi.

(b) The constant bleed orifice, located inthe top of the
housing, lets a constant flowof fuel go through the fuel return line back to
the fuel tank. This hel ps keep the fuel cool and free of air.

(c) The fuel injection punps get fuel fromthe fuel nanifol d,
increase the pressure of the fuel, and then send an exact anount of fuel to the
fuel nozzl es.

(d) The injection punps are operated by camlobes on the punp
canshaft, which is located directly under the injection punps. Wien the
canshaft turns, the | obe pushes the lifter and punp pl unger up to the top of
its stroke. The punp plunger al ways nakes a full stroke. As the canshaft
turns, the spring located wthin the punp returns the plunger and lifter back
to the bottomof the stroke.

(e) Wen the punp plunger is at the bottomof the stroke, fuel
at transfer punp pressure enters into the inlet passage | ocated near the top of
the punp, around the punp barrel, and to the bypass port, and fills the area
above the punp pl unger.

(f) Then, after the punp pl unger begins the upward stroke,
fuel wll be pushed out the bypass port until the top of the punp pl unger
closes the port. As the punp plunger travel s further upward, the pressure of
the fuel increases. A approxinately 100 psi, a check valve in the punp barrel
above the plunger opens and |l ets fuel flowinto the fuel injectionline to the
fuel nozzl es.

(9) As the punp plunger travel s further upward, the scroll
uncovers the spill port. The fuel above the punp pl unger goes through the sl ot
along the edge of the scroll, out the spill port, and back to the fuel
nanifold. Thisis the end of the injection stroke.

(h) Wien the punp plunger travel s down and uncovers the bypass

port, fuel begins to fill the area above the punp pl unger again and the punp is
ready to begi n anot her stroke.
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(i) The anount of fuel the injection punp sends to the nozzl e
is changed by the rotation of the punp plunger. Each punp has a pl unger gear
attached to it and neshed wth the fuel rack. The governor noves the fuel rack
according to the fuel needs of the engine. Wien the governor noves the fuel
rack, the fuel rack turns the punp plungers. Then the scroll changes the
di stance the punp pl unger pushes fuel between the bypass port and the spill
port opening. The longer the distance fromthe top of the punp plunger to the
poi nt where the scroll uncovers the spill port, the nore fuel will be injected

(j) To stop the engine, the punp plunger is rotated so the
slot on the punp plunger isinlinewth the spill port. The fuel wll nowgo
out the spill port and not to the nozzle.

(2) Transfer RPunp. The fuel transfer punp is a piston type punp
that is operated by a caml obe on the injection punp canshaft. The punp is
| ocated on the bottomside of the injection punp housing. The transfer punp
Wil renain on the engine when the injection punp is turned in for repairs.

(3y Al Howfor Punp and Governor

(&) QI under pressure fromthe engine | ubrication system
enters fromthe engi ne bl ock to the bottomof the front governor housi ng and
fromthere the flowof oil goes inthree different directions.

(b) Part of the oil goes to the rear canshaft bearing in the
fuel punp housing. The bearing has a groove around the inside di aneter, and
the oil travel s through the groove and into the oil passage in the bearing
surface (journal) of the canshaft. Adrilled passage through the center of the
canshaft allows the oil to travel to the front canshaft bearing and on to the
thrust face of the canshaft drive gear.

(c) Adrainhoeinthe front of the injection punp housi ng
keeps the level of the oil in the housing even wth the center of the canshaft.
The oil then returns to the oil pan through the tining gear housi ng.

(d QI aso goes fromthe bottomof the front governor
housi ng through a passage to the fuel punp housi ng and to the governor servo.
the governor servo gives hydraul i c assistance to nove the fuel rack and wll be
discussed in detail later on.

(e) The renainder of the oil goes through a passage to the
rear of the rear governor housing, through the air-fuel ratio control and then
back into another passage in the rear governor housing. Then the oil goes into
the conpartnent for the governor controls. Adrain hole keeps the il at the
correct level. The oil inthis conpartnent is used for |ubrication of the
governor control conponents and is the supply for the dashpot.

(f) Theinternal parts of the governor are |ubricated by oil
| eakage fromthe servo and the oil is thrown by the rotation of the parts. The
flyweight carrier thrust bearing gets its oil fromthe passage at the rear of
the canshaft. The oil fromthe governor returns to the oil pan through a hol e
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inthe bottomof the front governor housi ng and through passages i n the support
and cyl i nder bl ock.

(49 Governor

(a) The governor control s the anount of fuel needed by the
engine to nai ntain a desired rpm

(b) The governor flyweights are driven directly by the fuel
punp canshaft. The riser is noved by the flywei ghts and governor spring. A
| ever connects the riser wth a sleeve, which is fastened to a valve that is
part of the governor servo, and noves the piston and fuel rack. The fuel rack
noves towards the front of the injection punp housi ng when noved in the "RE
Q" direction.

(c) The force of the governor spring al ways pushes to give
nore fuel tothe engine. The centrifugal (rotating) force of the flyweights
always pushes to get a reduction of fuel to the engine. Wien these two forces
are in bal ance, the engine runs at a constant rpm

(d Wenthe engineis started and the governor is at the ow
ide position, the overfueling spring noves the riser forward and gives an
extra anount of fuel to the engine. Then, after the engine has started and
begins to run, the flywei ght force becones greater than the force of the
overfueling spring. The riser noves to the rear and reduces the anount of fuel
tothe lowid e requirenent of the engine.

(e) Wen the governor control lever is noved to the highide
position, the governor spring is put in conpression and pushes the riser toward
the flyweights. Wien the riser noves forvard, the governor control |ever noves
the sl eeve and val ve toward the rear. The valve then stops oil flowthrough
the governor servo and the oil pressure noves the piston and fuel rack to the
rear. This novenent increases the anount of fuel to the engine. As the engine
speed i ncreases, the flywei ght force increases and noves the riser towards the
governor spring. Wen the riser noves to the rear, the | ever noves the sl eeve
and val ve forvard. Now the valve directs oil pressure to the rear of the
pi ston whi ch noves the piston and fuel rack forward. This decreases the anount
of fuel tothe engine. Wien the flyweight force and the governor spring force
becone equal , the engine speed is constant and the engine runs at highid e
rom Hghiderpmis adjusted by the high id e adjustnent screw The
adj ustnent screwlimts the anount of conpression of the governor spring.

(f) Wththeengine at highide and the | oad i ncreased, the
engi ne speed wll decrease. The flyweights nove in and the governor spring
pushes the riser forward and i ncreases the anount of fuel going to the engine.
As the load is increased, the governor spring pushes the riser farther forward
and the spring seat pulls on the stop bolt. The stop collar, on the opposite
end of the governor, has a power setting screwand a torque rise setting screw
that control the naxi numanount of fuel rack travel.
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(g) The power setting screw noves forward and nakes contact
wth the torque spring. This is the full |load balance port. If nore load is
added to the engine, the engine speed wll decrease and push the riser forvard
nore. This wll cause the power setting screwto conpress the torque spring
until the torque riser setting screw nakes contact wth the stop bar. Thisis
the point of naxi numfuel to the engi ne.

(5 Gvernor Servo

(a) The governor servo gives hydrauli c assistance to the
nechani cal governor force to nove the fuel rack. The governor servo has a
cylinder, a cylinder sleeve, a piston, and a val ve.

(b) Wen the governor noves in the "HHE. ON' direction, the
val ve noves to the left. The val ve opens one oil outlet and cl oses the ot her
o | passage. Pressurized oil fromthe oil inlet pushes the piston and fuel
rack tothe left. Then oil behind the piston goes through the oil passage,
along the valve and out the oil outlet.

(c) Wen the governor spring and flywei ght forces are
bal anced and the engi ne speed i s constant, the val ve stops noving. Pressurized
oil fromthe oil inlet pushes the piston until these two oil passages are
opened. QI nowflows through this oil passage, a ong the val ve, and out
through the oil outlet. Wth no oil pressure on the piston, the piston and
fuel rack stop novi ng.

(d) Wen the governor noves in the "RHE. GF" direction, the
val ve noves to the right. The val ve closes the oil outlet and opens the oil
passage. Fressurized oil fromthe oil inlet is nowon both sides of this
piston. The area of the pistonis greater on the left side than on the right
side of the piston. The force of the oil is also greater on the | eft side of
the piston and noves the piston and fuel rack to the right.

(6) Dashpot

(a) The dashpot hel ps give the governor better speed control
when there are sudden speed and | oad changes. The dashpot has a cylinder, a
pi ston, a dashpot spring, a needl e val ve and a check val ve. The piston and
spring seat are fastened to the dashpot spring.

(b) Wen the governor noves towards the "RUH. ON' position,
the spring seat and piston nove to the right. This novenent pulls oil fromthe
ol reservoir through the check valve into this cylinder.

(c) Wen the governor noves towards the "RUHE. OFF' position,
the spring seat and piston nove to the left. This novenent pushes oil out of
the cylinder through the needl e valve and into the oil reservoir.

(d) If the governor novenent is slow the oil gives no
restriction to the novenent of the piston and spring seat. |f the governor
novenent is fast inthe "RE. OF' direction, the need e val ve gives a
restriction to the oil and the piston and spring seat wll nove sl owy.
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(7) Ar-Fuel Ratio Gontrol

(@) The air-fuel ratio control is designed to restrict the
fuel until the air pressureintheinlet nanifold is high enough for conpl ete
conbustion. It prevents large anounts of exhaust snhoke caused by an air-fuel
mxture wth too nuch fuel.

(b) The stemnoves the I ever which wll restrict the novenent
of the fuel rack inthe "RHE ON direction only. Wth the engi ne stopped,
this stemisinthe fully extended position. Mvenent of the fuel rack and the
lever is not restricted by the stem This permts naxi numfuel to the engine
for easier starts.

(c) Ater theengineis started, engine oil flows through the
ol inlet intothe oil pressure chanber. FHomthe oil chanber, oil flows
through an oil passage to the internal valve and out the oil drain passage in
the stem The stemw || not nove until the inlet nanifol d pressure i ncreases
enough to nove the internal valve. Aline connects the inlet nanifold wth the
inlet air chanber of the air-fuel ratio control.

(d Wen theinlet nanifold pressure increases, it causes the
di aphragmassenil y to nove towards the right. This al so causes the internal
valve to nove to the right. As the internal val ve noves to the right, it
closes the oil passage. Wth the oil passage closed, oil pressure in the oil
chaner increases and oil pressure then noves the piston and stemto the | eft
and into the operating position. The air-fuel ratio control wll remaininthe
operating position until the engine is shut of f.

(e) Wen the governor control is noved to increase fuel to the
engine, the stemlimts the novenent of the lever inthe "RE. ON' direction.
The oil inthe oil chaner acts as a restriction to the novenent of the stem
until the air inlet pressure increases.

(f) Astheinlet air pressure increases, the di aphragm
assenbl y and the internal val ve nove to the right. The internal val ve opens
the oil passage, and oil in the oil chaniber goes to the oil drain passage.
Wth the oil pressure reduced behind the piston, the spring noves the piston
and stemto the right. The piston and stemw || nove until the oil passage is
closed by the internal valve. A this tine the | ever can nove to |l et the fuel
rack go to the "RULL RHE" position.

(g0 The air-fuel ratio control wll remain wth the engine
vwhen the injection punp is turned in for repair.

2. PROEDURES REQU D TO REPAL R THE GATHA LLAR AL | NJECTT ON PUMP

a Pocedures for repair of the Giterpillar fuel injection punp are
contained i n RS 08757A50, Gaterpillar Service Forns No. SH\R066, Nb.
SH\R2782, and this student handout .
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b. Qean the Punp Before D sassentl y

(1) Qean the injection punp.

(20 Explaintotheinstructor the procedure for cleaning the
i nj ecti on punp.

c. Peoverhaul |nspection

(1) Inspect the injection punp.

(20 BExplaintothe instructor the procedure for inspecting the
i nj ection punp.

d. Dsassenbl e I njection Punp

(1) Renove the outer governor housi ng and gasket fromthe punp
housi ng.

(2) Renove the governor spring, two wave washers, one flat washer,
and seat fromthe gui de.

(3) Renove the throttle shaft cover and gasket fromthe governor

housi ng.

(49 Renove the seal fromthe cover.

(5 Renove the lowid e adjustnent screwand spring fromthe
housi ng.

(6) Renove the two throttle shaft |evers and shaft assenily fromthe
housi ng.

(7) Renove two snap rings, pins, plates, and stop fromthe shaft
assentol y.

(8) Renove the throttle break pins, spring, throttle shaft, and air-
fuel ratio lever fromthe governor housi ng.

(99 Renove the insul ator and dashpot body.

(10) Renove the high id e screw cover and gasket fromthe governor
housi ng.

(11) Renove the seal and high id e adjusting screw

(12) Renove the inner governor housi ng and gasket fromthe punp
housi ng.

(13) Renove the torque group.

(14) Renove the spacer, spring, and insulator fromthe torque group.
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(15 Renove the full load stop bl ock fromthe housi ng.
(16) Renove the col lar and spring fromthe bl ock.
(17) Renove the governor servo fromthe injection punp.

(18) Renove two | ocking rings, seat, broken link spring, and sl eeve
fromthe val ve.

(19) Renove the servo val ve, sleeve, and piston fromthe governor
Servo.

(20) Renove the bearing prel oad spring, thrust bearing, and sleeve
fromthe governor shaft.

(21) Renove the dashpot assently fromthe governor shaft.
(22) Renove the snap ring and spool fromthe seat.

(23) Renove the outer seat fromthe dashpot spring and renove the
spring fromthe inner seat.

(24) Renove the overfueling spring and riser fromthe governor shaft.
(25) Renove the ring, races, and bearing fromthe riser.

(26) Renove the governor weight shiel d.

(27) Renove the carrier, dowels, and weights fromthe shaft.
(28) Renove the bearings and races fromthe canshaft.

(29) Renove the timing pin cover fromthe punp housi ng.

(30) Install the tinmng pin.

(31) Renove the injection punps fromthe punp housi ng.

(32) Renove the spacers fromthe punp housi ng.

(33) Renove the pl unger and washer fromthe barrel and spring.
(34) Renove the washer fromthe pl unger.

(35 Renove the spring fromthe barrel.

(36) Renove the ring and barrel fromthe bonnet.

(37) Renove the check assenbly and spring fromthe bonnet.

(38) Renove the rack fromthe housi ng.
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(39) Renove the lifters fromthe housi ng.

(40) Renove fuel nanifol d

(41) Renove the snap ring fromthe canshaft.

(42) Renove the washer and canshaft fromthe punp housi ng.
Have instructor initial.

e. Inspect Injection Punp Gonponent s

(1) HFndthe procedures for inspection in RS 0875 7A 50.

(2) Inspect the governor conponents.

(a) Inspect the balts.

(b) Inspect al the covers.

(c) Inspect al the rings.

(d) Inspect the insul ators.

(e) Inspect the val ves.

(f) Inspect the dashpot body and pl ugs.
(9) Inspect the |evers.

(h) Inspect the stop assenly.

(i) [Inspect spring No. 2N\2878.

Record readi ng. ,

(j) Inspect spring No. 4N6410.

Record readi ng. ,

(K) Inspect spring No. 7N/7267.

Record readi ng. :

(I) Inspect the governor flyweight carrier.
(M Inspect the pins.
(n) Inspect the shaft.

(o) Inspect the governor housi ng assentl y.
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(p) Inspect the guide.

(9 Inspect the bearings.

(r) Inspect the sl eeves and seats.

(s) Inspect the dashpot.

(t) Inspect the riser.

(u) Inspect the races.

(v) Inspect the bl ock assenly.

(W Inspect the collar.

(X) Inspect the piston.

(y) Inspect the weight and carrier.

(4) Inspect the punp housi ng conponents.

(&) Inspect the canshaft.

(b) Inspect the lifters.

(c) Inspect the bushings.

(d) Inspect the bonnets.

(e) Inspect the check assenfly.
NJE \Men there is too nuch wear on the fuel injection punp plunger, the
[ifter nay al so be worn and there wll not be good contact between the two
parts. To stop fast wear on the end of a newplunger, install newlifters wen
repl aci ng the pl unger.

(f) Inspect the plunger.

Record readi ng.

(g) [Inspect the rack.

(h) Inspect the deflector.

(i) Inspect spring No. 7NLOG7.

Record readi ng. ,

(j) [Inspect the sleeves.

(k) Inspect the pins and | ever.
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(1) Inspect the piston.
(M Inspect the val ve.
(n) Inspect the bearings.

Record readi ng. , , ,

(o) Measure the canshaft bearing journal dianeter.

Record readi ng. ,

(p) Inspect the punp housi ng.
(q) Inspect the punp covers.

Have instructor initial.

f. Assenbl e the Punp from Servi ceabl e Gonponent s

NJE Al punp parts nust be conpletely clean before reassenbly. Al packi ngs
wll have a filmof clean oil applied to thembefore they are installed.

(1) Assentl e the injection punp housi ng.

(a) Install canshaft and rack bearings. |f the canshaft
bearings and rack bearings were renoved, they would be installed at this tine.

1 Wing the driver group, install the canshaft bearing
inthe governor end of the housing wth the junction (joint) facing towards the
top of the punp housing. Install the bearing so it is .10 inch plus or mnus
.008 inch bel owthe surface of the housi ng.

2 Install the rack bearing in the governor end of the
punp housing until it is .282 inch plus or mnus .005 i nch bel owthe surface of
t he housi ng.

3 Turn the other end of the punp housing up and install
the second canshaft bearing wth the junction (joint) in the bearing facing
towards the top of the punp housing. The bearing nust be installed soit is
.039 inch plus or ninus .010 i nch bel owthe surface of the housing.

4 Install the plate assenbly on the drive end of the
inection punp to install the second bearing for the rack. ke clean grease to
hol d the newrack bearing on the driver of the bearing installer.

5 Install the driver and bearing in the plate assenly,
wth the groove in the driver in aignnent wth the pininthe plate, and use a
hanmer to drive the bearing into position. The bearing wll be installed to
the correct depth when the shoul der of the driver is against the plate.
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6 Renove the plate fromthe housing. The rack bearing

nust be installed soit is .010 inch plus or nminus .010 i nch bel owthe surface

of the housi ng.
(b)
(c)
(d)

(€)
(f)
(9)

Install the canshaft.

Instal | the washer.

Install the snap ring. Check end play, record readi ng.
Have instructor initial.

Install the lifters.

Install the rack.

Install the gasket and fuel nanifald

Have instructor initial.

(2) Assenbl e the fuel injection punps.

(a)
(b)
(c)
(d)
(€)

(f)
(9

(h)
(i)
(i)
(k)

Instal| the check spring onto the check assentdl y.
Instal| the check assently onto the bonnet.
Install the bonnet onto the plunger barrel.
Install the ring.

Install the plunger spring on the barrel.

Instal| the washer onto the pl unger.
Install the plunger into the barrel.

Have instructor initial.
Install the spacers into the punp housi ng.
Install the injection punps into the housi ng.
Install the Oring seat and bushi ng.
Install the timng cover onto the punp housi ng.

Have instructor initial.

(3) Assentl e the governor.

(a)

Instal| the races and bearings onto the canshaft.
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(b)
(c)
(d)
(e)
()
(9)

(h)
shaft.

Install
Instal |l
Instal |
Instal
Instal |l
Instal |l

I nstall

the flywei ghts and dowel pins.

the dowel pininthe governor shaft.
the carrier.

the shiel d.

the races and bearing onto the riser.
the snap ring.

the riser and overfuel ing spring onto the governor

(4) Assentl e the dashpot.

(a)
(b)
(c)
(d)
(€)

Instal |
Instal
Instal |l
Instal |

I nstall

the dashpot spring onto the dashpot seat.
the dashpot and spring connector seat.
the spool and ring.

the snap ring.

the dashpot assenily onto the governor shaft.

(5 Assentl e the governor.

(a)

governor shaft.

(b)

Install

Install

onto the governor shaft.

(c)
(d)
(e)
()
(9)
(h)
(i)
(1)

Instal |l
Instal |
Install
Instal |
Instal |l
Instal
Instal |l

I nstall

the retainer ring in the | ower groove on the

the retaining sl eeves, prel oad spring, and bearing

the retaining ring.

the Oring seal .

the servo piston and sl eeve.

the servo val ve.

the locking ring in the center groove.

the servo sleeve, broken link spring, and seat.
the locking ring.

the governor servo.
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(k)
(1

housi ng.

(m
bl ock.

(n)
(0)
(P
(a)

adj ust nent .
(r)
(s)
(t)
(u)

(v)

(W
hol di ng pi n.

(X)
(y)
(2)
(aa)
(bb)
(cc)

(dd)

(ee)

Install the rack and torque riser adjusting screvs.

Instal| the governor bl ock, spring, and collar on the

Assentl e and install the torque control group onto the

Have instructor initial.
Install the governor housing onto the punp housi ng.
Install the lip type seal in the outer governor housing.
Install the high id e adjusting screw

Install the Oring seal on the housing for the dashpot

Install the body into the governor housing.

Install the cover.

Install the contact.

Install the check valve, fuel ratio |ever, and shaft.
Have instructor initial.

Install the flat, curved throttle shaft spring.

Install the throttle shaft pin and the throttle shaft pin

Install the throttle stop, plates, pins, and snap ring.

Install the throttle shaft |evers.

Install the throttle shaft assenly.

Install the lowid e adjusting screw

Install the lowid e spring.

Install the lip type seal into the shaft assently cover.
Have instructor initial.

Install the governor |ever cover on the housing.

Install the spring seat, wave washer, flat washer, wave

washer, and spring onto the gui de.
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Have instructor initial.
(ff) Install the outer governor housing.

g Performthe Test and Galibrati on Procedures for the Fuel |njection
Runp

(1) PRerformstatic adjustnents.
(&) Adjust the air-fuel ratio control.
(b) Adjust the static fuel setting and torque setting.
Have instructor initial.
(2 Performflowtest.

STUENT REFEHRENCES

RS 08757A 50
Gierpillar Service FormNo. SENR066
Giterpillar Service FormNo. SE\R2782
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